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AIMS

To

1. characterize and validate a standard test for skin sus-
ceptibility, as a basis for further studies.

2. evaluate the use of selected noninvasive measuring me-
thods for examination of unaffected skin and for quan-
tification of irritant skin responses following standard
testing.

3. study the susceptibility of clinically normal skin to stan-
dard irritant trauma under varying physiological and
pathophysiological conditions.

ABBREVIATIONS

TEWL = transepidermal water loss
SLS = sodium lauryl sulphate
DMSO = dimethyl sulfoxide

RH = relative humidity

MED = minimal erythema dose
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INTRODUCTION

In a recent epidemiological study, irritant contact dermati-
tis constituted 35% of hand eczema cases as compared to
19% for allergic contact dermatitis and 22% for atopic
hand eczema (Meding & Swanbeck 1989). The diagnosis of
irritant contact dermatitis was based on exposure to irri-
tant substances related in time to periods of eczema and
on the exclusion of other diseases. Irritant contact dermati-
tis may also sometimes complicate other types of dermati-
tis (Andersen et al 1987).

The pathogenesis of irritant contact dermatitis is gener-
ally accepted to be multifactorial (Malten 1981). Develop-
ment of irritant contact dermatitis depends on: 1) the
character and intensity of the chemical/physical trauma,
2) exposure time or interval between repetition of a given
trauma, 3) current susceptibility of the skin. Exposed to the
same exogenous conditions, some subjects will develop ec-
zema, while the skin of other subjects will remain intact.
Knowledge of endogenous as well as exogenous variables
which influence skin susceptibility is valuable in the pre-
vention of irritant contact dermatitis. Identification of
high-risk subjects, followed by information, counselling and
surveillance may prevent the development of (hand)-ecze-
ma, which may often become chronic and sometimes per-
haps permanent (Wall & Gebauer 1991).

SKIN TESTS

Many skin tests have been proposed for the purpose of
identifying individuals with sensitive skin. A thorough re-
view is given by Frosch (1985, p 8-9).

The alkali resistance test (Burckhardt 1947) evaluates the
resistance of the stratum corneum. Increased sensitivity to
alkali was reported in eczema patients, and the test was
proposed as a tool for pre-employment testing (Burckhardt
1964). Bjprnberg (1968, p 119) was, however, unable to con-
firm the usefulness of the test, and due to inconsistency in
its results the test has now generally been abandoned.
Recently, however, Schulz & Korting (1987) claimed simul-
taneous determination of alkali resistance on the back of
the hand and on the thigh to be useful in the recognition
of an eczematous disposition, though no statistical evi-
dence was presented.

The ammonium blistering time, determined as the mini-
mal blistering time after exposure of the skin to ammonia,
was proposed as a variation of the alkali test. The time re-
quired to form a blister reflects the number of cell layers in
the stratum corneum (Frosch & Kligman 1977). In the
DMSO test the intensity of weal response after exposure to
DMSO (dimethyl sulfoxide) is graded, and is reported to
reflect the permeability of the skin barrier (Frosch et al
1980). Because of its convenience the DMSO-test was pro-
posed as a suitable diagnostic tool for the diagnosis of sensi-
tive skin. Sensitivity to UW-light has also been proposed as
identifying subjects with delicate skin (Frosch & Wissing 1982).

Patch testing has been widely used in the study of skin ir-

ritation from a wide range of chemicals (Table 1). Repeti-
tive patch testing, such as the 21-day cumulative test (Lan-
man et al 1968), the soap chamber test (Frosch & Kligman
1979a), the chamber-scarification test (Frosch & Kligman
1976) and repeated open application test (Hannuksela &
Salo 1986, Lammintausta et al 1988) was designed primarily
for the evaluation of toxic effects of different chemical sub-
stances.

In recent years, 24 h patch testing with sodium lauryl sul-
phate (SLS) has been a frequently used tool in experi-
mental studies of irritant skin reactions (Table 2).

Standardization of irritant patch testing

Variation. Knowledge of variation in skin responses to
identical patch tests is essential to the design of experi-
mental studies. Estimation of sample size can then depend

Table 1. Some primary irritants used for patch testing

Irritant Reference
Organic solvents
Kerosene Frosch & Wissing 1982
Propylene glycol ‘Warshaw & Hermann 1952
Bjornberg 1968
Hannuksela et al 1975
Wahlberg & Nilsson 1984
Willis et al 1989
Detergents
Benzalkonium chloride Bjornberg 1968
Holst & Maoller 1975
Wahlberg et al 1985
Agner & Serup 1987
Willis et al 1988b
Sodium lauryl sulphate see Table IT
Acids and alkalis
Hydrochloric acid Bjornberg 1968
Agner & Serup 1989 (I)
Sapo kalinus Bjgrnberg 1968
Holst & Moller 1975
Agner & Serup 1987
Miscellaneous
Cantharidin Bjornberg 1968
Croton oil Bjornberg 1968
Johnson et al 1971
Coenraads et al 1975
Frosch & Wissing 1982
Agner & Serup 1987
Willis et al 1988b
Dithranol Mustkallio 1979
Willis et al 1988b
Mercury bichloride Bjornberg 1968
Nonanoic acid Wahlberg & Maibach 1980
Willis et al 1988b
Agner & Serup 1989 (I)
Phenol Blanken et al 1986
Thymoquinone Coenraads et al 1975




Table 2. Different concentrations of SLS used for occlusive patch testing for 24 h

Patch test Anatomical region Concentration — Reference

Finn Chamber 12mm forearm 0.50-2.00% Blanken et al 1986

Silver patch back 0.25-2.00% Bruynzeel et al 1982

van der Bend back 4.00% Coenraads et al 1975
Al-test forearm 10.00% Dahl & Trancik 1977
Finn Chamber 12mm forearm 0.25-1.00% de Boer et al 1990

Finn Chamber 20mm arm/back 2.00% Freeman & Maibach 1988
Duhring chamber arm/back 0.25-2.50% Frosch & Wissing 1982
Finn Chamber 12mm scapula 2.00% Goh & Chia 1988

Al-test upper arm 0.50% Holst & Moller 1975
Finn Chamber 8mm back 0.50-1.00% Lammintausta et al 1987a
Finn Chamber 12mm upper arm 1.00%-10.00%  Serup & Staberg 1987
Plastic chamber forearm 0.10-0.50% Tupker et al 1990b

(Agfa Bayer, 22mm)

Finn Chamber 12mm forearm 2.00% van der Valk et al 1984
Al-test back 0.10-2.00% Wahlberg et al 1985
Plastic chamber forearm 0.12-3.00% Wilhelm et al 1989
(Hilitop lab.)

Finn Chamber 8mm forearm 1.00-5.00% Willis et al 1988b*

* 48 h application

on statistical calculations based on previous investigations
using the same methods. Variation in skin responses within
the same individual to identical irritant patch tests has
been claimed to be considerable (Freeman & Maibach
1988). Dahl et al (1984) found that, for simultaneous patch
testing with SLS, corresponding sites on the right and the
left side were scored identically in only 53% of cases. In
that study, however, Al-test patches, less adequate for irri-
tant patch testing (Frosch & Kligman 1979b), were used.
Using large Finn Chambers (12 mm) we found that 84 % of
SLS patches were visually scored identically when tested si-
multaneously on right and left arms (Agner & Serup 1990
(I11)). Some of the variation in patch test responses may be
related to the traditionally subjective reading of the reac-
tions, and may be overcome by the use of more objective
methods (Wahlberg 1988). However, to keep variation to a
minimum, standardization of the patch test procedure is
essential.

Standardization of the patch test procedure. Magnusson
& Hersle (1965a) found that the quantity of test solution
per mm’ skin was of importance for the skin response.
Frosch and Kligman (1979b) demonstrated that larger quan-
tities of test solution gave more intense skin reactions,
though concentration of the irritant was kept the same.
Comparing Finn Chambers (diameter 8mm) with Duhring
chambers (12mm), more intense reactions with the latter
were noticed, these being larger as well as deeper than the
Finn Chambers. In accordance with these observations, the
Duhring chamber, the 12 mm Finn Chamber or even larger
chambers may be more suitable for irritant studies, since
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smaller test areas may be too limited to elicit an irritant re-
sponse.

When substances in aqueous solution are tested, the in-
terval from wetting of the patch until application should be
standardized. The evaporation rate of aqueous solutions
from Finn Chambers was reported as 1 mg/3 min (Fischer &
Maibach 1984). It has been demonstrated that evaporation
from the patch test before application inhibits the inflam-
matory response, even though the relative concentration of
the irritant is increased by the process (Dahl & Roering
1984). Exposure time should be graded according to the ir-
ritant potency of the test substance applied (Novak & Fran-
com 1984). The time of evaluation of the skin response is
important since some irritants may cause delayed reac-
tions. When noninvasive measurements of the skin re-
sponse are made, the interval between removal of the
patch and the measurements should allow for a period of
increased evaporation following occlusion. For measure-
ment of transepidermal water loss, this period was
previously estimated as 3 h (Baker & Kligman 1967), but in
the set-up used throughout the present studies we found
steady evaporation values after 1 h (Agner & Serup, submit-
ted). The interval should be chosen in accordance with the
measuring device used, since the time for the most accur-
ate assessment of the skin response may also vary accord-
ing to these parameters (Agner & Serup 1990 (IV)).

Release of test substance. Another source of variation
may be the release of test substance from the chamber/fil-
ter paper disc to the skin. This issue was addressed in vivo
and in vitro, using SLS in aqueous solution and in different



gels: delivery from aqueous solutions was better than from
gels, and delivery from the test system was found not to be
a major source of variation in irritant patch testing with
SLS in aqueous solution (Agner et al 1990a).

Single versus repetitive, open versus closed tests. The oc-
clusive set-up in patch tests will influence the strength and
possibly the kinetics of the skin response to the applied
substance, and the irritant abilities of the test substance
cannot directly be compared to open applications. A single
challenge of the skin with an irritant insult is a momentary
reflection of skin susceptibility, which does not take into
account the cumulative effect of irritation or the repair
mechanisms of the skin. Repetitive challenges do allow for
these effects. The correlation coefficient between single
and 4 day repetitive exposure to patch testing with SLS was
found to be 0.63 (Pinnagoda et al 1989a). Utilizing repeated
open application of SLS for 5 days as well as a single 24 h
patch test with SLS, only the degree of skin damage caused
by the repeated open test was found associated with prior
skin complaints (Lammintausta et al 1988). The reaction
pattern to SLS patch tests also differed from that evoked
by open, cumulative SLS irritation (Lammintausta et al
1987a). In the latter 2 studies, however, small Finn Cham-
bers (8 mm), less suitable for irritant patch testing, were
used, which may have biased the results.

Primary irritants

A primary irritant is a substance which will damage the
skin by direct cytotoxic action (Kligman & Wooding 1967),
without preceding sensitization. Some important character-
istics for experimentally used primary irritants were pro-
posed by Wahiberg & Maibach (1980): no systemic toxicity,
no carcinogenic effect, not a sensitizer, chemically well de-
fined, no extreme pH value and causing no cosmetic incon-
veniences to exposed subjects. After evaluating a broader
spectrum of irritants in preliminary studies, we found that
SLS and nonanoic acid fulfilled these criteria.

Qualitative differences in skin response to different irri-
tants. Primary irritants include chemical substances with
varying irritant properties, and it may be assumed that the
skin response will depend upon the precipitating irritant,
reflecting the different ways in which different chemicals
may penetrate and interact with components of the skin.
This assumption is supported by the different clinical
(Bjgrnberg 1968, pp 93-99) and histological (Willis et al 1989)
appearance elicited by different irritants, and by differ-
ences in skin response assessed by replica technique (Agner
& Serup 1987) and by thermography (Agner & Serup 1988a)
after exposure to various irritants. Functional differences
related to the chemical properties of the damaging irritant
have also been reported. Thiele & Malten (1973) found dif-
ferences in the electrical behaviour of the skin after expo-
sure to different irritants, and van der Valk et al (1985a) re-
ported that the relationship between barrier function im-
pairment and damage to the viable cells of the deeper
layers of the skin depends on the irritant used. Similarly,
we found that SLS impaired barrier function to a greater

extent than nonanoic acid or hydrochloric acid, although
causing identical severity of the inflammatory response
(Agner & Serup 1989 (I)). This property of SLS makes the
irritant an interesting tool when studying the water barrier
of the skin.

The kinetics of the skin response varies for different irri-
tants. Generally, after removal of the irritant the skin re-
sponse gradually becomes weaker. Examples of chemicals
known to cause delayed irritation are hexanediol and buta-
nediol diacrylate (Malten et al 1979). SLS has been repor-
ted to cause a delayed response (Dahl & Trancik 1977,
Bruynzeel et al 1982, Agner & Serup 1989 (I)). Tipker et al
(1990a) found that the time course of transepidermal water
loss after a 24 h SLS patch varies between different sub-
jects. Using SLS in varying concentrations, Serup & Staberg
(1987a) found a delayed response only for reactions clinic-
ally scored as 1+, but not for more intense reactions, indi-
cating that the kinetics of the response may depend on the
severity of the reaction (Staberg & Serup 1988).

Dose. The skin response depends upon the concentra-
tion of the irritant applied (4gner & Serup 1990 (IV)). High
concentrations may lead to severe inflammatory reactions
in all subjects, leaving no opportunity for ranking skin sus-
ceptibility or for differentiating between reactions elicited
by different irritants, Weak concentrations may induce no
response at all. For SLS, a threshold concentration leading
to a visible response in some, but not all, subjects was
found useful (Agner 1991 (VII, VIII, IX)). The concentra-
tion of the irritant should also be chosen in accordance
with the test region, climate and season, expected sensitiv-
ity of the test panel, patch test system and volume of irri-
tant applied to the skin.

Quantitative differences in skin responses to different
qualities of SLS, SLS has been used in widely varying con-
centrations in human volunteers (Table 2), and though
some of the variation can be explained by different test
techniques, the variation in concentration has caused some
confusion, and made comparison of results difficult. We
found significant differences in the irritant potential in vivo
for different qualities of SLS (Agner et al 1989 (II)). High-
performance liquid chromatography (HPLC) analysis of
different SLS qualities revealed that in some SLS qualities
part of the C, chains had been substituted by longer C
chains (Agner et al 1989 (II)), which are known to be less ir-
ritating to the skin (Kligman & Wooding 1967, Stillman et al
1975). The differences in skin response to analogous con-
centrations of SLS found in the literature may well be ex-
plained by discrepancies in the amount of C,; chains in the
different SLS products. Use of well-defined high-purity test
substances is necessary to generalize and compare ob-
tained responses.

Effect of vehicle. The vehicle may sometimes enhance
the skin response, as demonstrated for urea (Agner, in
press), and in some instances cause irritation by itself, as
found for propanol (Agner & Serup 1987). Dimethyl sulfox-
ide (DMSO) is a potent enhancer which also causes signifi-
cant irritation (Kligman 1965, Baker 1968, Agner & Serup
1989). The vehicle may also influence the percentage of
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SLS released from the test chamber system (Agner et al
1990a).

NONINVASIVE MEASURING METHODS

During the last few decades several measuring devices de-
signed for noninvasive investigation of the skin have be-
come commercially available (Berardesca & Maibach
1988a). Together these devices are called “bioengineering
methods”. The purposes of using these methods is to quan-
tify reactions and, for some of the methods, to obtain in-
formation which is not detectable by the clinician’s eye and
finger. Because of their noninvasive approach, these tech-
niques allow follow-up examinations. Introduction of non-
invasive methods into the study of irritant contact dermati-
tis has opened up a new field of investigation. However, t0
evaluate the usefulness of each method, knowledge of vari-
ation and limitations of the methods must be taken into ac-
count, and their value in clinical and experimental settings
assessed.

In the following, only methods closely related to the au-
thor’s study will be discussed.

Measurement of transepidermal
water loss (TEWL)

Water is lost through the skin in 2 ways, eccrine sweating
and transepidermal diffusion, the latter representing the
passive diffusion of water through the stratum corneum,
commonly known as transepidermal water loss. The Eva-
porimeter (Servo Med® EP1, Stockholm, Sweden) records
the total evaporation from the skin and, since sweating
should be suppressed during measurements, the term
transepidermal water loss is now generally accepted for the
recording of this instrument. The diffusion rate depends
directly upon the ambient relative humidity (RH), ambient
and skin temperature, and the integrity of the stratum cor-
neum. Examination of the day-to-day intra-individual vari-
ation in TEWL indicates that baseline TEWL is a stable
personal characteristic, when studied over a period of 10
days under standardized environmental conditions (Pinna-
goda et al 1989b).

A boundary layer about 10 mm in thickness develops
around the skin, in which a water vapour gradient exists
between the skin surface and the ambient air. The sensors
of the Evaporimeter, mounted in the open chamber of the
probe, determine the water vapour pressure gradient of
this boundary layer, in order to quantify the diffusion of
water through the skin, i.e. the TEWL. In the open-cham-
ber water-vapour-pressure-gradient estimation method, a
continuous measurement in ambient air, with little al-
teration of the vapour boundary layer, is provided, and this
method is therefore preferable to the previously used
closed chamber methods, which are incapable of continu-
ous measurements and tend to interfere with the spon-
taneous TEWL (Pinnagoda et al 1990).

Since the TEWL is estimated as a humidity gradient, the

10

relative humidity in the measuring atmosphere will influ-
ence the TEWL (Bettley & Grice 1967, Hattingh 1972, Pinna-
goda et al 1990). In the Danish climate, higher TEWL va-
lues should be expected in the winter, when the relative
humidity is low, as compared to values obtained in the
summer season with high humidity, although the difference
for basal values in our study was found not to be statistical-
ly significant (Agner & Serup 1989 (V)).

Changes in skin temperature modify the diffusion coeffi-
cient of the stratum corneum and rapidly lead to changes
in TEWL (Hattingh 1972, Mathias et al 1981). A formula for
conversion of the TEWL to a standard temperature, con-
sidering the exponential relationship between TEWL and
skin temperature, was first given by Grice et al (I971) and
later modified by Mathias et al (1981). None of these calcu-
lations were however based on results obtained with the
open ventilated chamber technique. We found that the
skin temperature of the participants after a period of rest
at 20°C room temperature was very consistent within the
range 29-31°C. Skin temperature being limited within this
narrow range, conversion of TEWL values to match a stan-
dard temperature may introduce greater variables than the
one introduced by the variation in temperature itself.

Eccrine sweating will generally not disturb measure-
ments of TEWL on the trunk or on the limbs after a
period of rest about 15 min at 20°C ambient temperature
with the skin uncovered (Baker & Kligman 1967, Coenraads
et al 1986). Comparison of TEWL values obtained from
normal skin and from skin exposed to scopolamine hydro-
bromide, for the purpose of sweat gland inactivation, re-
vealed no differences in most subjects (Pinnagoda et al
1989c). Nevertheless, a few people may still be sweating
after a resting period, probably due to emotional stress
during the measurement. Sweating shows up since stable
values cannot be obtained if eccrine sweating is present. A
prolonged resting period or “dummy measurements” to
make the subject familiar with the measuring situation may
be helpful, since it has been demonstrated that the first
measurement in most individuals shows more fluctuations
in TEWL than any subsequent (Pinnagoda et al 1989b). In
the author’s experience “emotional sweaters” constitute
only a minor proportion of the population, around 1-2%.
In these subjects sweat gland inactivation by scopolamine
may be beneficial. In addition, measurement during the
hot summer season and in workers in heavy industries is
possible only if sweat glands are inactivated.

Draughts in the surrounding environment will disturb
the boundary layer and the water vapour gradient around
the skin, and hamper the acquisition of valid TEWL meas-
urements. By employment of a draught shield we found
the standard deviation of the measurments to decrease sig-
nificantly (Agner & Serup 1990b). Use of protection covers,
which may be necessary for sanitary reasons and to protect
the sensors from damage, decreases the level of the meas-
urement, due to increased distance from the skin surface
(Agner & Serup 1990b). When comparing results from dif-
ferent laboratories it is therefore necessary to know the exact
circumstances under which the measurements were made.




Assessment of skin damage. A positive dose-response
relationship for skin response to SLS as measured by
TEWL has been demonstrated (Serup & Staberg 1987a, Wil-
helm et al 1989, Agner & Serup 1990 (IV)). TEWL values
were reported to be increased in scaly eczema lesions when
measured on diseased skin (Blichmann & Serup 1987).
TEWL was found to be increased both in dry and in clinic-
ally normal skin in patients with atopic dermatitis (Werner
& Lindberg 1985).

Electrical conductance and capacitance

Different techniques have been developed for noninvasive
assessment of skin hydration (Leveque & de Rigal 1953).
The Skicon 100® hydrometer, described by Tagami et al
(1980), measures skin conductance. The application system
consists of 2 concentrically arranged electrodes separated
by an isolator. The resistance to a high frequency current
of 3.5 MHz is measured, and given as /uohm. The Cor-
neometer CM 420* (GMBH, Koln, FRG) measures the
electrical capacitance of the outer epidermis (Werner 1986).
The probe of this instrument is a plastic-foil-covered brass
grid, which functions as one electrode while the skin func-
tions as the other. While the Skicon 100® registers hydra-
tion in the outermost portion of the stratum corneum, the
Corneometer CM 420R registers hydration down to a
depth of about 0.Imm (Blichmann & Serup 1988). The Ski-
con 100f was found to be more suitable for measurement
of increased skin hydration, while the Corneometer CM
420% was more sensitive for measurement of decreased hy-
dration. The correlation between the 2 methods on normal
skin was reported as R =0.654 (Agner & Serup 1988b).

Assessment of skin damage. When attempting to quanti-
fy irritant patch test reactions by measurement of electrical
conductance, we found the intra-individual variation in the
results to be so high that the method was found unhelpful
for this purpose (Agner & Serup 1990 (III)). However, we
studied only the initial inflammatory phase of the response,
and conductance measurement may be useful to quantify
dry and scaly stages occurring later. Decreased water bind-
ing in the stratum corneum in scaly hand eczema lesions,
as assessed by measurement of electrical conductance and
capacitance, has been demonstrated (Blichmann & Serup
1987). The electrical capacitance of the stratum corneum
of patients with atopic dermatitis and clinically dry skin was
reported to be significantly lower than that in normal con-
trols (Werner 1986).

Laser Doppler flowmetry

Laser Doppler flowmetry is a noninvasive technique for
direct measurement of blood flow. The technique com-
bines the Doppler phenomenon with the spectral purity of
laser light and the light beating technique (Shepherd 1990).
Monochromatic laser light is directed into the tissue via an
optical fibre to a depth of about 1 mm. After partial ab-
sorption and diffuse scattering has taken place, the light is
reflected with Doppler-shifted frequencies from moving

blood cells in the skin and with unshifted frequencies from
stationary tissues. The result is read from the instrument in
arbitrary units.

The conventional probe holder of the Periflux® (Peri-
med, Stockholm, Sweden) laser Doppler is attached to the
skin by adhesive tape. Repeated applications of the probe,
which are helpful in studies of inflammation due to spatial
variation in blood flow, will influence the test results
through irritation. A plastic block with a hole for the
probe, positioning the fibres just above the skin, and Vel-
cro® straps for fastening around the arm, was in our stud-
ies used to obtain a stable positioning of the probe without
the use of adhesive tape (Agner & Serup 1990 (IV)). In or-
der to diminish variation due to local changes in the micro-
circulation, a probe holder with a distance between the
skin and the probe of 4 mm has been proposed as allowing
for a larger area of investigation (de Boer 1989). However,
a need for physical contact between the probe tip and the
skin was argued by Nilsson (1990), in order to avoid relative
motion between them and to prevent scattering of light in
the tissue surface directly into the fibres.

Assessment of skin damage. A positive relationship was
found between applied dose of SLS and blood flow values
recorded by laser Doppler flowmetry (Nilsson et al 1982,
Staberg & Serup 1988, Agner & Serup 1990 (IV)). Also, a
close correlation between mean blood flow values and vis-
ual scoring in a study with 7 different irritants has been re-
ported (Willis et al 1988a). However, wide fluctuations in
laser-Doppler-recorded blood flow values in response to
SLS patches were found due to spotty erythema (Freeman
& Maibach 1958). Blanken et al (1986) found no dose-re-
sponse relationship for blood flow in 0.5-2% SLS patches
assessed by laser Doppler flowmetry in 24 healthy subjects.
In that study only one measurement was obtained from
each test site. Due to local variation in the microcirculation
an average of a number of measurements will give more
valid results.

Colorimetry

The skin surface colour can be quantified using the stan-
dard tristimulus system suggested by the Commission In-
ternationale de I'Eclairage (CIE) (Robertson 1977). The
colour assessment is adjusted to the nonlinear perception
of colour by the human eye, and the idea is to replicate
colour as it is acknowledged by the human eye and brain.
Colour measurement by the colorimeter Minolta Chroma
Meter CR-200 (Osaka, Japan) is based on illumination of
the skin by xenon flash light. The colour is expressed in a
3-dimensional coordinate system (Fig.1). Luminance (L*)
expresses the brightness (integrated reflection of light from
the surface), ranging from total black (low values) to pure
white (high values). The a* and the b* are the two colour
coordinates: a* represents the colour range from green (-)
to red ( +), and b* the colour range from blue (-) to yellow
(+). The “true” colour of the skin is expressed as an ad-
mixture of the a*, b* and L* values.

Although the a* value is an indicator of the presence of
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Fig.1. Schematic drawing indicating the main principles of the
L*a*b* colour system. The a*-axis represents the colour range
from green (-) to red (+) and the b*-axis represents the colour
range from blue (-) to yellow ( +). L* expresses the brightness (re-
flection of light) ranging from black (low values) to white (high va-
lues).

haemoglobin, it is also influenced by other chromophores
in the skin (melanin, haemoglobin, bilirubin, carotene),
and by structural conditions in the skin. The light reflection
from the skin surface (L*) is also a complex factor, influ-
enced not only by chromophores in the skin but also by
factors which will change the skin surface reflectiveness,
like skin dryness or roughness, and by structural differ-
ences in the epidermis and dermis. Another method for
quantification of erythema, based on comparison of the
amount of reflected green and red light from the skin, has
been proposed: by this method a recorded change in ery-
thema is essentially related to an increase in vasodilatation
and is largely independent of the melanin content of the
epidermis (Diffey et al 1984, Farr & Diffey 1984). A more
specific determination of skin colour relative to its pig-
ments is thus theoretically possible, and instruments based
on this principle have recently become commercially avail-
able.

Since redness of the skin is easily influenced by skin tem-
perature and emotional or physical stress a period of rest
before measurement is obligatory. Changes in the pressure
of the probe against the skin may influence the measuring
results if the probe is not attached gently.

Assessment of skin damage. a* colour coordinates have
been demonstrated to correlate well with visual scoring in
inflammatory reactions caused by soap or SLS (Babulak et
al 1986, Serup & Agner 1990). A positive correlation be-
tween changes in the a* colour coordinates and doses of
SLS has been reported (Wilhelm et al 1989, Agner & Serup
1990 (IV})). Measurement of integrated reflection of light
has been used to quantify blanching (Queille-Roussel et al
1990a), and for assessment of constitutional skin colour
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(Westerhof et al 1990). Seitz & Whitmore (1988) found that a*
was significantly correlated with the dermatologist’s per-
ception of erythema, b* was significantly associated with
the perception of tanning after UV exposure, while de-
creased L* values were associated with the clinical percep-
tion of erythema as well as tanning. Due to repeated UV
exposure during the experiment, it was however difficult to
differentiate between changes in skin colour caused by in-
flammation and by tanning (Seitz & Whitmore 1988).

Ultrasound A-scan

High frequency ultrasound for skin examination was intro-
duced by Alexander & Miller (1979). Today, A-scan for 1-di-
mensional, B-scan for 2-dimensional and C-scan for 3-di-
mensional study of the skin are commercially available
(Serup, in press). A-mode scanning by the Dermascan AR
(Cortex technology, Denmark) has been reported as an ac-
curate technique for the measurement of skin thickness
(Serup et al 1984, Agner & Serup 1990 (I1I)). The interval be-
tween the echo from the skin surface and the echo from
the interface between the dermis and subcutaneous fat is a
measure of the thickness of the skin (i.e. epidermis and
dermis, Fig. 2). The distance in millimeters can be calcula-
ted from the sound velocity in the tissue, reported as 1580-
1605 m/sec in skin (Edwards & Payne 1984, Escoffier et al
1986). The dermis is highly echogenic in most body regions,
and oedema formation in the dermis leads to a zone with
very few and low echoes. In most parts of the body the dif-
ferentiation between epidermis and dermis by ultrasound
is difficult. An exception is the palm. At 10 MHz the subcu-
taneous area has a high resolution, while at 50 MHz the
epidermis can be studied more in detail. With respect to
the compromise between resolution and depth of the view-
ing field, 20 MHz has been established as a good solution.
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Fig.2. Schematic drawing of an ultrasound A-scan from normal
skin.




The interface between the dermis and the subcutaneous
fat is far from flat. This inherent variation in the biology li-
mits the precision of thickness measurements. However, if
3 or more sites are examined and averaged the reproduc-
ibility of ultrasound A-mode skin thickness measurement is
high (Agner & Serup 1990 (III)). By the use of the Derma-
scan® C-mode scanner, mean values can be calculated
from 224 A-mode lines covering a 22.4 mm lateral scanning
field. This is probably now a more accurate way of measur-
ing skin thickness, since biological variation in the dermis/
subcutaneous fat interface is overcome.

Assessment of skin damage. Ultrasound A-scan has been
found suitable for quantification of patch test reactions
(Serup et al 1984, Serup & Staberg 1987b), although some au-
thors, probably due to the use of less-developed equip-
ment, did not find the method useful (Brazier & Shaw
1986). Compared to other bioengineering methods, ultra-
sound examination has the advantage that no precondi-
tioning of the subjects is necessary before measurement.
Modest changes in ambient temperature, relative humidity,
air convection, disturbances in the room during measurement
and emotional status will not influence the measurement.

Comparison of noninvasive techniques
for assessment of SLS-induced skin damage

Comparing evaporimetry, laser Doppler flowmetry, ultra-
sound A-scan and measurement of skin colour (a*), eva-
porimetry was found to be the best suited method overall
for evaluation of SLS-induced skin damage (Wilhelm et al
1989, Agner & Serup 1990 (IV)). Colour measurement by the
Commission Internationale de I'Eclairage (CIE) system, as
indicated by a change in the a* colour coordinate, was con-
sistently the least sensitive of the methods, though the use-
fulness of the instrument has been advocated by Wilhelm et
al (1989), who emphasize the convenience of the appara-
tus. The sensitivity of skin blood flow measurement or skin
thickness measurement varied according to dose of SLS
and interval between removal of patch test and evaluation
(Agner & Serup 1990 (IV)). The order of the methods for
assessment of SLS-induced skin damage estimated from
our dose-response study (Agner & Serup 1990 (IV)) was
confirmed in subsequent clinical studies, where colour (a*)
measurement and laser Doppler flowmetry failed to differ-
entiate between reactions which could be differentiated by
measurement of TEWL and skin thickness (4gner 1991
(VIILIX)). These conclusions on the measuring methods
are limited to SLS-induced irritation. Other irritants may
affect the skin in different ways and may give rise to a dif-
ferent order of preference of techniques (Queille-Roussel et
al 1990b).

SKIN IRRITATION AND SENSITIVE SKIN

The skin as a barrier. In its role as a barrier, the skin parti-
cipates in homeostasis by limiting water loss from the in-
side to the outside and limiting percutaneous penetration

of environmental agents from the outside to the inside, but
also in a broader sense by resisting chemical and physical
trauma. Implications of proper function of the barrier thus
reach further than avoidance of skin diseases. Definition
and localization of the barrier depends upon the character
of the barrier addressed. In the present review, the expres-
sion skin barrier refers only to the water permeability bar-
rier, localized in the stratum corneum (Baker & Kligman
1967).

Sensitive skin. Exposed to the same exogenous condi-
tions, some subjects will develop an irritant eczema while
others will not. The group which develop eczema may be
expected to have an increased skin susceptibility/increased
skin reactivity or more sensitive skin than the rest. Whe-
ther the concept “sensitive skin” in fact exists has been de-
bated. In his pioneering study of primary irritants, Bjorn-
berg found no correlation between the intensity of skin re-
sponses evoked by 11 different primary irritants, and stated
that the response to one particular irritant does not necess-
arily predict the response to another irritant (Bjémberg
1968, p 140). Patients with atopic dermatitis and pompholyx
were excluded. Bjoérnberg’s findings were supported by la-
ter studies (Coenraads et al 1975, Wahlberg et al 1985).

In contrast to these findings, a statistically significant
correlation between the skin response to particular irri-
tants was reported in healthy volunteers and patients with
various skin diseases (Frosch & Kligman 1977), although the
correlation in most situations was only moderate (Frosch
1985, p 78). A group of individuals with sensitive skin could
be identified by assessment of susceptibility to skin tests
with 7 different irritants and assessment of minimal erythe-
ma dose (MED) (Frosch & Wissing 1982). For pre-selection
of “hyperreactors”, Frosch & Kligman (1979a) for practical
reasons used a 24 h forearm chamber exposure to 5% aqu-
eous SLS, but suggested that a series of tests should prefer-
ably be used to identify “members of the delicate skin

Individual-related
variables &

Irritant contact
dermatitis

Environment—relateg
variables

Fig.3. A combination of individual- and environment-related vari-
ables determines the current susceptibility of the skin.
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club” (Frosch & Kligman 1982). When testing chemically si-
milar substances the same ranking order was found in most
individuals (Tispker et al 1989a).

In a limited number of subjects we found a positive cor-
relation between the inflammatory response to SLS and
hydrochloric acid, while the response to nonanoic acid did
not correlate with that of other irritants (Agner & Serup
1989 (I)).

The contradiction between reports that no correlation
between the intensity of skin responses evoked by different
irritants exists, and statements that “hyperreactors” to irri-
tants can be identified, may partly be explained by choice
of irritants, dose, test region and test method. Different
penetration abilities of particular irritants may account for
discrepancies in the intensity of the evoked skin response,
since irritants penetrating the barrier at a fast rate may be
less dependent on individual barrier function than irritants
penetrating at a slow rate. Use of high doses of irritants,
eliciting severe reactions, may tend to equalize skin re-
sponses. Regional variations in skin susceptibility may exist
even within narrow anatomical areas and influence the re-
sponse (Flannigan et al 1984). The chamber technique may
be more suited for irritant testing than the previously used
test methods.

Irritant contact dermatitis. Irritant contact dermatitis is
a complex disease, with a multifactorial pathogenesis, to
which environmental as well as individual factors contri-
bute (Fig. 3). Within the individual, the response to irritant
stimuli depends on the skin barrier function, the inflamma-
tory reactivity of the skin and — addressing chronic irritant
contact dermatitis — its regeneration ability. Cumulative
barrier function impairment may finally lead to irritant
contact dermatitis (Malten 1981). In our experimental stud-
ies, the magnitude of skin response to a single challenge
with SLS was used for determination of skin susceptibility.
SLS has the ability to penetrate and impair the barrier, and
thus reflects the barrier function. The function of the bar-
rier is important for the irritant effect of many chemical
substances, since they have to penetrate the barrier to
reach the viable cell layers and elicit an inflammatory reac-
tion. The skin response to a 24 h SLS patch test is however
also influenced by the inflammatory reactivity of the skin,
and will reflect the current state of this.

Physiological variation in skin susceptibility
in healthy subjects

Exposed to low grade irritancy products, only a minor pro-
portion of a population will develop irritant contact der-
matitis, while the majority will remain free of symptoms.
This variation in skin response may to some extent be ex-
plained by inherent structural differences in the skin of the
individual, and to some extent by exogenous conditions to
which the skin is/has been exposed.

Some individual- and environment-related variables in-
fluencing skin susceptibility will be discussed in the follow-
ing.
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Individual-related variables: Clinical

Sex. Hand eczema is known to occur more frequently
among women than among men (Rystedt 1985a, Meding &
Swanbeck 1989). This might however reflect differences in
exposure to environmental hazards rather than endoge-
nous differences between the sexes. Most investigations
have found no sex-relation in skin susceptibility (Bjgmberg
1975, Kligman 1980, Lammintausta et al 1987b, Tupker et al
1989b). In one study the impression that female skin was
more easily irritated, as evaluated by the increase in
TEWL after SLS-exposure was reported, but no statistical-
ly significant difference in total TEWL after SLS-exposure
was found (Goh & Chia 1988). Throughout our studies no
sex-related difference in skin susceptibility to irritants was
found.

Menstrual cycle. Increased reactivity of the skin prior to
and during the menstrual phase was reported by Halter
(1941), and Bjornberg avoided testing females prior to and
during menstruation (Bjgmberg 1968, p 29). Newer casuistic
reports support the impression of changes in skin reactivity
during the menstrual cycle (4lexander 1988, Kemmett 1989).
Estradiol has been reported to suppress the cellular im-
mune response (Myers et al 1986), but the significance for
irritant contact dermatitis is not known. We found in-
creased reactivity to SLS at day 1 in the menstrual cycle as
compared to days 9-11, when tested on opposite arms in
healthy women (Agner et al 1991 (VI)), (Table 3). The theor-
etical possibility that our results may have been influenced
by a hyporeactive state (Lammintausta et al 1987a) induced
by repeated exposure to SLS, though different and distant
skin areas were exposed, is opposed by the lack of varia-
tion in our male control group (Agner et al 1991 (VI)). Since
no cyclical variation was found in baseline TEWL, the in-
creased reactivity of the skin at day 1 in the menstrual cycle
probably reflects an increased inflammatory reactivity, ra-
ther than changes in the barrier function. Our observations
confirm the clinical impression and indicate that the
menstrual cycle should be considered in the discussion of
skin reactivity.

Age. Increased susceptibility to DMSQO in childhood was
reported by Frosch (1985, p 39). Increased susceptibility to
SLS in young compared to clderly females, when assessed
by visual scoring and TEWL, was reported (Cua et al 1990),
and the increase in TEWL values was found to be more
persistent in the older group (Elsner et al 1990). These find-
ings imply less reaction to an irritant stimulus but a pro-
longed healing period in older people. Within the 18-50
year range no significant influence of age on skin suscept-
ibility should be expected (Kligman 1980, Agner 1991 (VII)).

Regional differences. Susceptibility to exogenous irritant
stimuli differs between anatomical regions. Benzalkonium
chloride on cellulose patch tests was reported to elicit
stronger reactions on the back than on the extremities
(Magnusson & Hersle 1965b), though the pressure of cloth-



Table 3. SLS-exposed skin at different times in the menstrual cycle

SLS-EXPOSED SKIN 1. TEST 2. TEST p
TEWL 15.8 (12.1-20.0) 13.7 (11.0-15.9) p<0.05
Blood flow 24 (14-40) 17 (9-36) n.s.

Skin thickness 1.23(1.18-1.34) 1.15 (1.04-1.25) p<0.005

Median values and 25/75 percentiles of transepidermal water loss (TEWL, g/m?h), superficial blood flow (arbitrary units) and skin thick-

ness (mm) as measured on skin after exposure to sodium lauryl sulph:
the menstrual cycle are given. n = 29 females. n.s. indicates p > 0.05.

ate for 24 h. Values for day 1 (1. test) as well as days 9-11 (2. test) in

Reprinted with permission from J Am Acad Dermatol (Agner et al. 1991 (VI)).

ing on the patches may have influenced the results (Goll-
hausen 1985). Skin susceptibility to ammonium hydroxide
was reported to be ranked as forearm <leg <back < post-
auricular skin (Frosch & Kligman 1977), and susceptibility
to DMSO to be ranked as leg < forearm < back < forehead
(Frosch et al 1980). Percutaneous absorption of benzoic
acid, as a reflection of barrier function, was studied at dif-
ferent regional anatomic sites in man, and the permeability
in different regions was ranked as
back <arm < chest < thigh <abdomen < forehead  (Dupuis
et al 1986). A linear relationship between TEWL and pene-
tration was reported in the same study. Baseline TEWL
with respect to anatomical sites can be ranked as follows:
back = abdomen = chest = thigh = arm<dorsum of
hand < postauricular = forehead <sole <palm (Pinnagoda
et al 1990). However, the linear relationship between
TEWL and penetration of exogenous substances cannot be
generalized to all anatomic sites and every substance. The
described regional variation in skin barrier function may
depend on the irritant applied, the ranking order of the
different anatomical regions being different for different
chemicals. The absorption of hydrocortisone from the
palm was reported as 0.83% of applied dose as compared
to 1% from the arm (Feldmann & Maibach 1967), though
the baseline TEWL of the palm is higher by a factor of 6-7
compared to the arm (Pinnagoda et al 1990). Although the
TEWL values reported from the palms and soles may be
biased by the high density of sweat glands in this area, the
water loss from the nail is also reported to be significantly
increased as compared to forearm values (Jemec et al
1989).

Thus, major differences in skin barrier function with re-
spect to anatomical sites exist.

Individual-related variables: Experimental

Baseline transepidermal water loss. The use of baseline
TEWL to predict the skin response to surfactants was sug-
gested by Murahata et al (1986). Healthy subjects were tes-
ted with a standard soap chamber irritation insult, and high
baseline TEWL was found to be associated with high sus-
ceptibility to soap irritation, as evaluated by visual scoring.
This relationship between skin susceptibility to detergents
and high baseline TEWL was further supported by Tipker
et al (1989b and 1990b), and a highly significant correlation
between baseline TEWL and TEWL after a single or re-

peated exposure to SLS was reported by the same group
(Pinnagoda et al 1989a). In our study of healthy subjects
challenged with SLS, baseline TEWL was found to contri-
bute significantly to a multiple regression analysis model,
using TEWL after exposure to SLS as the dependent vari-
able (Agner 1991 (VII)), (Table 4). Persons with high visual
scores after SLS-exposure had increased basal TEWL as
compared to those with low visual scores (Agner 1991
(VII)). However, some studies report an absent or poor
correlation between baseline TEWL and TEWL after
SLS-exposure (Berardesca & Maibach 1988 b +c, Freeman &
Maibach 1988, Wilhelm & Maibach 1990 + 199]). Differ-
ences in measuring situations may have influenced the re-
sults, since optimal measuring conditions are necessary for
detection of small differences in TEWL values (Pinnagoda
et al 1990).

Repetitive measurements of baseline TEWL in workers
in the metal industry in Singapore indicated that pre-em-
ployment TEWL measurements from the backs of the
hands may predict later development of irritant contact
dermatitis in high-risk professions (Coenraads & Pinnagoda
1985, Coenraads et al 1986). Although promising, these re-
sults can only be accepted as preliminary, since the meas-
urements were obtained under poorly standardized cir-

Table 4. Multiple regression analysis.
TEWL after SLS exposure as dependent variable

Independent p-value regression
variables (exclusion) coeff.
Constant term -35.136
Basal TEWL <0.00005 4.013
L* <0.001 0.459
N=70  R-square = 0.659

The independent variables included in the model are listed in the
left column. L* = luminance (white is indicated by a high number
and black by a low number). The remaining independent vari-
ables: basal skin thickness, basal skin blood flow, the basal colour
coordinates a* and b*, sex and age did not contribute statistically
significantly to the model, and were thus not included. The contri-
bution of each independent variable to the model is indicated by
the regression coefficient, and the statistical significance by a p-
value. The R-square value represents the amount of the total vari-
ation in data explained by the model.

Reprinted with permission from Contact Dermatitis (4gner 1991
(Vi)).
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cumstances on an ethnically heterogenous group, only 4
subjects developed dermatitis, and 22% of the workers
were not followed up. The study also indicated an increase
in TEWL in parallel with stratum corneum damage in sub-
jects at risk for subsequently developing irritant contact
dermatitis (Coenraads et al 1986). An increased basal
TEWL may thus reflect a constitutionally impaired barrier
function, an impaired barrier function due to exogenous
exposure, or both, the difference between these two condi-
tions being mainly of theoretical concern (Fig. 3). Meas-
urement of baseline TEWL at selected sites (e.g. dorsum
of the hand) might be valuable in evaluating the current
risk for surpassing a critical level, in consequence of which
a clinical disease, irritant contact dermatitis, develops.

Skin hydration. In a set-up with repetitive exposures to
SLS, higher susceptibility was reported in dry skin than in
clinically normal skin in eczematous subjects and controls
(Tupker et al 1990b). In the same study, skin dryness as a di-
chotomous variable contributed significantly to a multiple
regression analysis model, using TEWL after exposure to
SLS as the dependent variable, while baseline hydration
measured as a continuous variable by the Corneometer did
not contribute significantly. In contrast to this, Lammin-
tausta et al (1988) found no relationship between clinically
dry skin and the response to repeated SLS exposure. Com-
paring winter and summer skin in a paired design, de-
creased skin hydration was found in winter, when a higher
reactivity towards SLS was also found (Agner & Serup 1989
(V)). A negative correlation between skin hydration and
TEWL has been reported in normal skin and various skin
diseases (Werner & Lindberg 1985, Blichmann & Serup 1967,
Tagami 1990), though this was not found by Tipker et al
(1990b).

Thus, some studies indicate that a decreased hydration
state of the skin may be associated with impaired barrier
function and increased skin susceptibility.

Skin blood flow. Assessment of the relationship between
basal skin blood flow and skin susceptibility has not been
the subject of much investigation. In our study on healthy
volunteers we found that basal blood flow as measured by
laser Doppler flowmetry did not contribute significantly to
a multiple regression analysis model, using TEWL after
SLS-exposure as the dependent variable (Agner 1991 (VII)).

Skin colour. Fair skin and blue eyes were reported to cor-
relate with the intensity of the inflammatory response to a
mechanical irritant (Bjornberg et al 1979). By determination
of MED in Caucasian volunteers, the cutaneous sensitivity
to UV light and to 7 different chemical irritants was found
to correlate positively, while skin typing based on complex-
ion and history of sunburn proved less reliable (Frosch &
Wissing 1982). In contrast to these reports, an inclination
toward increased susceptibility to SLS in black and Hispa-
nic skin as compared to white skin was found when evalua-
ted by measurement of TEWL, though the differences
were statistically significant only between pre-occluded
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black and white skin using 0.5% SLS (Berardesca & Mas
bach 1988 b+c). Differences in black and white humas
skin have previously been reviewed: it was concluded thas
the difference in irritancy response between the 2 races
might be less pronounced than previously reported, due to
difficulties in detecting erythema on black skin (4ndersen &
Maibach 1979).

Assessing skin colour by a tri-stimulus colorimeter, we
found an association between increased light reflection
from the skin surface (“fair” skin) and increased suscept-
ibility to SLS (Agner 1991 (VII)), (Table 4). This finding sup-
ports the assumption of an association between skin colour
and skin susceptibility. However, reflection of light (L*) in-
dicates presence of skin chromophores as well as nonspeci-
fic structural parameters, and a more specific determina-
tion of skin colour, relative to its pigments, could probably
be obtained using an instrument based on the principles of
Farr & Diffey (1984).

Tanning may influence the susceptibility to irritants. An
increased blister formation time after exposure to ammoni-
um hydroxide has been demonstrated in tanned skin
(Frosch & Kligman 1977). A diminished reaction to SLS
after UVB exposure was reported (Larmi et al 1989). This
change in skin reactivity may reflect other modifications in
the skin induced by UV light, apart from tanning.

The background for the relationship between fair and
sensitive skin is however not well understood, since struc-
tural differences other than melanin should be considered.
An association between black skin and an increased num-
ber of cell layers in the stratum corneum as compared to
white skin has been reported (Weigand et al 1974), while
Freeman et al (1962) reported of no significant difference in
stratum corneum thickness between subjects with fair or
dark complexion, nor between black and white skin. In vi-
tro baseline TEWL was reported to be higher in black than
in white skin (Wilson et al 1988), but in vivo no significant
difference in baseline TEWL was found between black and
white skin, nor between Hispanic and white skin (Berardes-
ca & Maibach 1988 b+c). However, an objective measure-
ment of skin colour may, among other determinants, be
useful for assessing individual skin susceptibility.

Skin thickness. The importance of the thickness of stratum
corneum for skin susceptibility was argued by Frosch, who
found that the minimal blistering time after exposure to
ammonium hydroxide was directly related to the number
of cell layers in the stratum corneum (Frosch & Kligman
1977), and the response to DMSO was increased after
stripping of the stratum corneum (Frosch et al 1980). How-
ever, penetration of water was reported not to be influ-
enced by the number of cell layers or thickness of the stra-
tum corneum, while the total lipid concentration of this
layer was found to be a critical factor (Elias et al 1981).

By ultrasound A-scan the measurement of skin thickness
includes the epidermis together with the dermis, the latter
constituting the major part of the measured distance (Fig.
2). Alterations in the thickness of the dermis may therefore
easily be detected, while the same percentage of alteration




in the thickness of the epidermis may be beyond the detec-
tion limit. In the study on normal skin, basal skin thickness
as measured by ultrasound did not contribute as a risk fac-
tor for skin susceptibility to SLS (A4gner 1991 (VII)).

Environment-related variables

Seasonal variation. Seasonal variation in contact dermati-
tis, due to variation in reactivity to irritant stimuli and due
to variations in the occurrence of different allergens, has
been described (Hjorth 1967). Significantly increased skin
response to DMSO was found in the winter compared to
the summer (Frosch 1985, p 39), and the same variation was
demonstrated for propylene glycol (Warshaw & Hermann
1952, Hannuksela et al 1975). Frosch and Kligman (1979)
stated that soap testing has greatest sensitivity in the win-
ter, when the damaging action of soap is at its peak. We
found a statistically significant seasonal variation in healthy
volunteers exposed to SLS, known to damage the barrier
function of the skin, while the seasonal variation for skin
response to nonanoic acid, known to influence the barrier
only to a minor degree (Agner & Serup 1989 (I)), was less
pronounced (Agner & Serup (V)). Low outdoor tempera-
ture and low relative humidity in the winter leads to de-
creased ability of the stratum corneum to retain water
(Spencer 1975). The significance of relative humidity was
highlighted by Rycroft & Smith (1980) in their report on low
humidity occupational dermatoses. A significantly lower
hydration state of the skin during winter than during sum-
mer was also demonstrated in our study (4gner & Serup
1989 (V)). The reports thus all confirm that seasonal varia-
tion in skin susceptibility exists.

Exposure to irritants. Environmental hazards are highly
important for the development of irritant contact dermati-
tis. Meding & Swanbeck (1990) found that the type of hand
eczema that is most dependent on occupation is irritant
contact dermatitis. Nilsson & Bick (1986) followed a popu-
lation of 1857 women in wet hospital work for 20 months
and found that the prevalence of hand eczema during the
period was 41%. Rystedt (1985a) reported that endogenous
factors (hand eczema in childhood, persistent eczema else-
where than the hands, dry skin, severe childhood eczema,
family history of atopy, concurrent asthmayrhinitis and fe-
male sex) together were of greater importance than exoge-

nous factors (exposure to chemicals, water, soil and/or
wear).

Pathophysiological conditions influencing
susceptibility of uninvolved skin

Atopic dermatitis. The significance of a history of atopic
dermatitis for the development of irritant hand eczema has
been thoroughly demonstrated (Rystedt 1985b + ¢, Nilsson &
Biick 1986, Meding & Swanbeck 1989).

In patients with atopic dermatitis the baseline TEWL
was reported to be increased in both dry non-eczematous
skin and in clinically normal skin on the forearm and on
the back of the hand (Werner & Lindberg 1985). This finding

has been confirmed by others examining the uninvolved
skin of patients with atopic dermatitis, on the forearm (van
der Valk et al 1985b, Tupker et al 1990b) and on the upper
arm (Agner 1991 (IX)). However, basal TEWL measured on
the upper arm in hand eczema patients with a childhood
history of atopic dermatitis, but without atopic manifesta-
tions in adult life other than hand eczema, was found to be
normal (Agner 1991 (VIII)). Thus TEWL values may under-
go changes related to time and to the course of the disease.

Clinically normal skin in patients with atopic dermatitis
did not differ significantly from normal control skin with
respect to electrical capacitance, when measured by the
Corneometer CM420% (Werner 1986), and this finding was
supported by measurement of electrical conductance (A4l
Jaberi & Marks 1984).

Although facial pallor is a common finding in atopic der-
matitis (Hanifin & Rajka 1980), no significant change in
skin colour as measured by the colorimeter was found as-
sociated with atopic dermatitis (Agner 1991 (IX)).

An inclination toward increased basal skin thickness in
clinically uninvolved skin in patients with atopic dermatitis
was reported, but the difference was not statistically signifi-
cant as compared to controls (Agner 1991 (IX)).

Tested in a quiet phase of the disease, patients with ato-
pic dermatitis were found to react more severely to SLS
than healthy controls as assessed by measurement of
TEWL (Van der Valk et al 1985b). We found an enhanced
skin reactivity to SLS in patients with current atopic der-
matitis, as compared to controls, confirmed statistically by
visual scoring and by increase in skin thickness (4gner 1991
(IX)). Although higher TEWL values after SLS-exposure
were found in atopic dermatitis patients, we found that the
increase in TEWL was not significantly different from that
in controls. In our study, occasional active eczematous le-
sions on skin distant from the test site may have influenced
skin reactivity, a mechanism which is probably also highly
important for the clinical course of the disease.

Hand eczema. Baseline TEWL measured on the fore-
arm or upper arm in patients with localized, inactive or
healed eczema is not reported to be significantly different
from that in controls (van der Valk et al 1985b, Agner 1991
(VIII)). The question as to whether a local defect in the
skin barrier (i.e. increased baseline TEWL) confined to the
hand exists prior to the development of hand eczema, as
indicated by the findings of Coenraads et al (Coenraads &
Pinnagoda 1985), still has to be answered. The significantly
positive correlation between baseline TEWL and TEWL
after exposure to SLS was confirmed in hand eczema pa-
tients (Agner 1991 (VIII)), (Fig.4).

Comparing patients with hand eczema to matched con-
trols, increased L*-values and decreased b*-values meas-
ured by the colorimeter, indicating a fairer skin colour,
were found (Agner 1991 (VIII)). This observation is in ac-
cordance with experimental findings of an association be-
tween fair complexion and sensitive skin (Frosch & Wissing
1982, Agner 1991 (VII)).

Basal skin thickness, as measured by ultrasound A-scan,
was found to be significantly thinner in patients with hand

17



Hand eczema patients

TEWL after SLS
60

40 40

30+ " = . 3ot

20 f e e g 20|

Controls

TEWL after SLS
50

Fig.4. Correlation between
basal TEWL and TEWL
after exposure to SLS for
’, patients with hand eczema
i (n=39) and controls
: (n=239). The Spearman
coefficient of correlation
was R=0.79 (p <0.0005)
and R =0.73 (p <0.0005),
respectively.
Reprinted with permis-

basal TEWL

eczema than in matched controls (Agner 1991 (VIII)). The
interpretation of this result is difficult because use of top-
ical corticosteroids on the hands might, at least theoretical-
ly, have influenced the skin on the upper arm. This finding
might reflect a generalized structural anomaly in the skin
of hand eczema patients, as might the above-mentioned
change in skin colour. Further studies are necessary before
a conclusion can be drawn.

Bjornberg found that a constitutional increase in skin re-
activity to primary irritants was not present in patients with
healed hand eczema, when tested on skin distant from the
eczema (Bjomberg 1968, p 139). Van der Valk et al (1985b)
found no difference in TEWL after exposure to SLS in
subjects with healed contact dermatitis, as compared to
controls. In the author’s study no increased skin reactivity
to SLS in patients with chronic or healed eczema was
found, as compared to controls, while hand eczema pa-
tients with acute eczema showed an increased skin reactiv-
ity to SLS compared to controls (Agner 1991 (V1II)). Thus,
although hand eczema patients were found to be more
“fair-skinned” than controls (Agner 1991 (VIII)), this factor
alone did not influence the skin response to SLS signific-
antly.

Hyperirritable skin

The phenomenon of dermatitis in a localized area of the
body resulting in generalized hyperirritability of the skin,
including areas distant from the eczema, is well known,
though different terms have been used to describe it.
“Conditioned hyperirritability”, “auto-eczematization”, and
“status eczematicus” are among the terms used (Roper &
Jones 1982). Mechanisms responsible for the fluctuations in
skin reactivity were recently discussed (Bruynzeel & Mai-
bach 1991). Bjornberg (1968) demonstrated that dermatitis
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of the hands may have an enhancing effect on irritant
patch test reactions elsewhere on the body. Increased sus-
ceptibility to SLS, benzalkonium chloride and hydrochloric
acid tested on the thigh was found in patients with active
localized hand eczema, when compared to healthy controls
and to patients with healed eczema.

Mitchell (1977) introduced the term “angry back”, descri-
bing the phenomenon of a single strong positive patch test
reaction creating a back which is hyperreactive to other
patch test applications. The excited skin syndrome, as it
has also been called, was illustrated experimentally in gui-
nea pigs: increased susceptibility to an ointment containing
1% SLS was observed in animals stressed by inflammatory
reactions in the neck area (Andersen & Maibach 1980). Klig-
man & Gollhausen (1986) were unable to demonstrate ex-
perimentally that a single positive patch test creates an an-
gry back, and suggested that the described hyperirritability
of the skin was due to preexisting dermatitis.

An increased susceptibility to SLS in patients with acute
hand eczema, as compared to patients with chronic or
healed eczema, was confirmed in our study (Agner 1991
(VIII)). While we found no difference between subjects
with chronic/healed eczema and controls with respect to
skin susceptibility to SLS, Bruynzeel et al (1983) reported a
higher score to SLS in patients with inactive dermatitis
than in subjects without dermatitis. The difference may be
related to the criteria used to define “inactive” dermatitis.

Bruynzeel et al (1983) attempted to use SLS patches as
markers of hyperirritability, but rejected it because no cor-
relation between false positive reactions to allergic patch
tests and the score of the SLS test was found. The use of
SLS as a marker of hyperirritable skin was found useful in
our study (Agner 1991 (VIII)). However, the skin response
to SLS depends not only on the current inflammatory reac-
tivity of the skin, but also on the skin barrier function.



Whether the skin barrier is generally influenced by the
presence of active eczema is an open question. Shahidullah
et al (1969) reported increased TEWL values in the clinic-
ally normal skin of patients with eczema. We found that
basal TEWL values in patients with acute eczema were not
statistically significantly higher than in controls, though
there was a tendency towards higher values (Agner 1991
(vi)).

The exact etiology of hyperreactive skin remains un-
known. Apart from the presence of an acute eczema, other
internal factors are also known to influence skin reactivity.
Decreased response to croton oil in patients with severe
cancer as compared to controls was reported (Johnson et al
1971). Cortisol treatment may also reduce skin reactivity
(Roper & Jones 1982). Changes in skin reactivity to SLS dur-
ing the menstrual cycle were demonstrated (4gner et al 1991
(VI)). The influence of a generalized infectious disease on
skin reactivity - if any — may be speculated upon.

Conclusions about noninvasive
measuring methods

Measuring methods are per definition objective, as com-
pared to the subjective visual assessment of skin responses.
However, if the use of the techniques is not carefully stan-
dardized with respect to existing sources of variation their
objectiveness may be invalidated. Therefore it is of the ut-
most importance that the use of noninvasive techniques for
the investigation of contact dermatitis should be optimized
and standardized.

Quantification of skin response fto irritants. Using the
SLS patch test as a model, we found that TEWL was su-
perior in sensitivity to laser Doppler flowmetry, colour
measurement by a tri-stimulus colorimeter and ultrasound
A-scan (Agner & Serup 1990 (IV)). High sensitivity of laser
Doppler flowmetry and ultrasound was confined to certain
intervals after removal of the patch test chambers, 48 and
24 h respectively (Agner & Serup 1990 (IV)). Colour meas-
urement, as indicated by changes in the a*-axis, was con-
sistently found to be the least useful method for evaluation
of SLS-induced skin damage (Agner & Serup 1990 (IV)).
These conclusions are limited to SLS-induced skin dam-
age.

Application of noninvasive measuring methods to clini-
cal eczema is often disturbed by heterogeneity in the clini-
cal picture. Each method measures one single parameter
contributing to the full picture of skin damage. Clinical
evaluation of the skin response can incorporate more vari-
ables at a time, although essentially subjective. Noninvasive
methods are found to be important tools in experimental
studies, and in obtaining specific information about a
single parameter, while their use for routine purposes, such
as evaluation of conventional patch test reactions, may not
be helpful.

For assessment of “sensitive skin”. The association
found between baseline TEWL and skin susceptibility to
SLS indicates the possibility of detecting and following up
a group at risk of developing irritant contact dermatitis.
The association between “fair” and sensitive skin also indi-
cates this possibility.

Determinants of skin sensitivity
— conclusions and future aspects

Individual- as well as environment-related factors influence
skin susceptibility to SLS. Information about these vari-
ables may contribute pieces to the puzzle of susceptible
skin. Since irritant contact dermatitis may often show a
chronic and sometimes perhaps permanent course, inter-
vention before the development of clinical disease would
be preferable.

Epidemiological studies have given some important
clues to the identification of high-risk subjects. Our experi-
mental studies have demonstrated an association between
baseline TEWL, “fair” skin and skin susceptibility. Other
biophysical skin properties as skin pH (Wilhelm & Maibach
1991) or skin hydration may also be of relevance. Prospec-
tive long-term follow-up studies are necessary to determine
finally the value of noninvasive measurements for predic-
tion of irritant contact dermatitis. These studies should in-
clude persons entering high risk professions. Results of the
measurements should be evaluated together with anamnes-
tic information of risk factors, and the importance of each
factor assessed.
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SUMMARY IN ENGLISH

The aim of the study was to assess the susceptibility of cli-
nically normal skin to a standard irritant trauma under
varying physiological and patophysiological conditions.

Evaluation of skin responses to patch tests with sodium
lauryl sulphate (SLS) was used for assessment of skin sus-
ceptibility. The following noninvasive measuring methods
were used for evaluation of the skin before and after expo-
sure to irritants: measurement of transepidermal water loss
by an evaporimeter, measurement of electrical conduc-
tance by a hydrometer, measurement of skin blood flow by
laser Doppler flowmetry, measurement of skin colour by a
colorimeter and measurement of skin thickness by ultra-
sound A-scan. The studies were carried out on healthy vol-
unteers and patients with eczema.

In the first studies the standard irritant patch test for as-
sessment of skin susceptibility was characterized and vali-
dated. SLS was chosen among other irritants because of its
ability to penetrate and impair the skin barrier. The impli-
cations of use of different qualities of SLS was investiga-
ted. The applied noninvasive measuring methods were eva-
luated, and for quantification of SLS-induced skin damage
measurement of TEWL was found to be the most sensitive
method.

Application of the standard test on clinically normal skin
under varying physiological and patophysiological condi-
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tions lead to the following main results: Seasonal variation
in skin susceptibility to SLS was found, with increased sus-
ceptibility in winter, when the hydration state of the stra-
tum corneum was also found to be decreased. A variation
in skin reactivity to SLS during the menstrual cycle was de-
monstrated, with an increased skin response at day 1 as
compared to days 9-11 in the menstrual cycle. The presence
of active eczema distant from the test site increased skin
susceptibility to SLS, indicating a generalized hyperreactiv-
ity of the skin.

Taking these sources of variation into account healthy
volunteers and patients with hand eczema and atopic der-
matitis were studied and compared. In healthy volunteers
increased baseline TEWL and increased light reflection
from the skin, interpreted as “fair” skin, was found to be
associated with increased susceptibility to SLS. Hand ecze-
ma patients were found to have fairer and thinner skin
than matched controls. Increased susceptibility to SLS was
found only in patients with acute eczema. Patients with
atopic dermatitis had increased baseline TEWL as well as
increased skin susceptibility as compared to controls.

Skin susceptibility is thus influenced by individual- as
well as environment-related factors. Knowledge of deter-
minants of skin susceptibility may be useful for the identifi-
cation of high-risk subjects for development of irritant con-
tact dermatitis, and may help to prevent the formation of
the disease.




SUMMARY IN DANISH

Formalet med afhandlingen er at belyse hudens reaktivi-
tet/respons overfor et standardiseret irritativt traume un-
der varierende fysiologiske og patofysiologiske omstzndig-
heder, og herudfra at sgge at identificere faktorer der dis-
ponerer for udvikling af irritativt kontakteksem.

Som irritativ standardtest er brugt epikutantestning, for-
trinsvis med detergenten natriumlaurylsulfat. Sével fgr som
efter udsettelse for standardtesten blev huden evalueret
ved hjelp af folgende noninvasive teknikker: maling af
transepidermalt vandtab med et evaporimeter, maling af
elektrisk konduktans med et hydrometer, maling af hudens
gennemblgdning med laser Doppler flowmetri, méling af
hudtykkelse med ultralyd A-scan og farvereflektans-méling
med et colorimeter. I de indledende studier er den anvend-
te standardtest evalueret, og betydningen af anvendelse af
varierende kemiske kvaliteter af natriumlaurylsulfat belyst.
Intra- og interindividuel variation i hudrespons, og usikker-
hed pd mélemetoderne blev undersggt. Maling af transepi-
dermalt vandtab fandtes gennemgéende mere sensitiv end
de gvrige metoder til kvantitering af det af standardtesten
fremkaldte hudrespons.

Hos raske frivillige forspgsdeltagere pavistes hudens re-
aktivitet overfor standardtesten at afhange af &rstiden,
med gget reaktivitet i vinterperioden. Ligeledes fandtes

hos kvinder en afhangighed af menstruationscyklus, idet
standardtesten udlgste et kraftigere respons 1. dag end 9.-
11. dag i menstruationscyklus.

Hudraske personer med hgj reaktivitet (kraftigt respons)
var karakteriserede ved hgjt basalt transepidermalt vand-
tab og lys hud. Ved sammenligning af ikke-involveret hud
hos hindeksempatienter og hos raske fandtes signifikant
lysere hud samt tyndere hud blandt eksempatienterne. En
generaliseret gget hudreaktivitet hos hdndeksempatienter
kunne ikke pdvises, men gget hudreaktivitet fandtes hos
patienter med akut eksem. P4 klinisk normal hud hos pati-
enter med atopisk dermatitis fandtes forhgjet basalt trans-
epidermalt vandtab og en @gget hudreaktivitet overfor stan-
dardtesten sammenlignet med hudraske personer.

Ud fra de gennemfgrte undersggelser konkluderes, at
hudens reaktivitet er influeret af en reekke faktorer relate-
ret til det enkelte individ sével som til det omgivende miljg.
Hudens reaktivitet overfor natriumlaurylsulfat moduleres
afhaengigt af &rstid og tidspunkt i menstruationscyklus, og
tilstedeveerelsen af et lokaliseret aktivt eksem et sted pé
kroppen gger hudens reaktivitet andre steder pa kroppen.
Hgjt basalt transepidermalt vandtab samt lys hud er associ-
eret med en g@gget reaktivitet overfor natriumlaurylsulfat.
Viden om faktorer med indflydelse p& hudens reaktivitet
overfor irritative pavirkninger, kan anvendes til forebyggel-
se af irritativ kontakt dermatitis.
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